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ABSTRACT
Recycling is the central axis for the conservaron of ecosystems ¡n the scenario of
sustainable development. This subject implies the study of an important frame of inter-
actions. Nevertheless, the complex study of nutrient recycling in agroecosystems would
be reduced on the basis of the actual knowledge of the soil biocenoses, mainly repre-
sented by soil nematodes.
Nematodes are indicator organisms of several processes related with the trophic
structure of soil systems. This question, combined with the study of nematode interac-
tions with the herbaceous communities growing over these soils, can provide guide-
lines for a more rational planning of pasture management.
The results of our work show that nematode density is posrtively correlated wrth
grass species richness and with the number of perennial species. Moreover, the quan-
tity of nematodes decreases when grazing pressure is intensified. All that implies that
the degree of maturity of a pasture may be intimately related to the biológica! recycling
of nutrients.
INTROOUCTON
The complex study of nutrient recycling in rangelands would be reduced on the
basis of the actual knowledge of the soil biocenoses, mainly represented by soil
nematodes. It is more widely known that parasrte nematodes provoke an average de-
crease of 10% in the production of crops and may sometimos even cause the total loss
of the harvest (Sánchez et al.. 1985; Niblack, 1989), but we are also beginning to un-
derstand the effect of phytoparasitic nematodes at the roots of grazing plants on the
productivity of pasture land in Spain (Hernández et al., 1990). However, there are
fewer conclusions as regards the ecological significance of nematode communities in
the systems of agricultura, forests and pastures (Ingham, 1984; Yeates, 1984;
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Hernández, 1985). Nevertheless, there are studies in the bibliography which point to
the importance of these plant worms in breaking down organic matter, wtiose definitive
mineralization by the miaoflora (Vmciguera, 1979; Freckman, 1988) is accelerated
fivefold by the worms. It has also been pointed out that nematodes are essential in the
trophic relations with primary producís (Ingham et al., 1985); they particípate in main-
taining the C and N cycle (Nielsen, 1949) and probably that of P (Pastor et al.. 1990),
and they have a posítive influence on the development of the microbe populations
(Addison and Parkinson. 1978). But it is probable that the contribution of nematodes to
the system is also important if it is taken into account that about 50% of the primary
population consumed by organisms is not assimilated and therefore excreted.
It is also known that the information coming from the root system of grazing plants
and the study of the mineral composition do not explain important aspeéis associated
with the productivity of the systems of agriculture, forests and pastures (Pastor and
Hernández, 1990). This led to the present study of the connections this matter may
have with the nematode communities in the soils where they live. The interaction be-
tween these organisms and the mineral nutrition of the plants has been the main role
assigned to these wonms in the pastures. However, there are very few studies wfth re-
sute to clarify their influence on the primary production of this kind of Mediterranean
ecosystem (Hernández et al., 1990).
It is known, on the other hand, that soil and plant cover degradation in large áreas
of the Mediterranean environment in Spain is the result of both human and climatic
influences. Today, the negativo effect of certain forestry and agricultura! practices,
overgrazing, etc. has been increased by a recent phenomenon (above all in view of its
magnrtude), ie, land abandonment. This aspect is especially significant in the cereal
and dry-farming áreas of these environments. All this has a bearing on erosión and on
the evolution of plant characteristics, although there are hardly any sdentific records
(Hernández et al., 1990; Martín et al.. 1990; Pastor et al.. 1990 and Urcelay et al.,
1990). At this point it must not be forgotten that any change in the use of the soil is also
a potential source of disorder in the plant system.
From the above it is possible to deduce the role the nematodes may play in the
soil-plant interphase and consequently in the preservation of these Mediterranean
agrosystems. The aim of our paper is to show that nematodes are indicator organisms
of several processes related with the trophic structure of soil systems. This question,
combined with the study of nematode ¡nteractions with the herbaceous communities
growing over these soils, can provide guidelines for a more rational planning of pasture
management.
STUDY ÁREA, MATERIAL AND METHOOS
The Mediterranean territory in Spain has been well-characterized ecologically with
regards to grassland systems on the basis of physiographic units: soil, vegetation and
climate. This led us to study the soil nematodes in grasslands. We chose to examine
pastures in the "dehesas" (a sort of savannah-like forest) of central-westem Spain. This
choice responds to the soil characteristics of the territory under study. Most of the Ibe-
rian Península is composed of siliceous substratos and these pastures are found in
cambisol soils, which are characteristic of nearly all the "dehesas" in Western Spain
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and wide áreas of southem Europe. These are also used as summer pastures for
trashuman! grazing which is very importan! in the livestock economy of this área.
Taken together, this makes these ecosystems true natural resources. Any knowledge
gained with regards to the understanding of nematodes in these pastures, will, without
doubt, be useful in drafting improved guidelines for their management and conserva-
tion.
A phytoecologic inventory was carríed out in different plots (8 m2) located in six-
teen sites in a Mediterranean environment. Samples for the study of nematode density
were taken in five randomly distributed squares (25x25 cm.) from each plot. Sampling
and analytic techniques are explained in Hernández & Pastor (1989).
RESULTS AND DISCUSSION
Vegetation characterístics
These pastures are oligotrophic, located in clearings between oak graves
(Quercus rotundifolia and Q. faginea) and support the following phytosociologic alli-
ances: Agrostidion castellanae and A. salmanticae, Rivas Goday (1964), (Table 1).
The total of the plant species count in all the sample áreas was 142 species and the
total coverage of legumes and grasses was approximately 50% in each community.
Table 1. Characterístics of the studied locations
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The number of annuals and perennials in the different groups is shown in Table 2,
which also shows that plant cover was more than 60% in all sites and reached valúes
cióse to 100% in seven.
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Table 2. Vegetation characteristics of the studied communities
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Sites with annual precipitation ranging between 600 and 800 mm. and low soil
humidity are suited for A. castellanae communities, with the principal species of
Agrostis castellanae, Vulpia bromoides, Lolium perenne, Dactylis glomerata,
Cynosurus echinatus, Trifolium glomeratum and T. striatum. Those sites whose
soil humidity is determined by factors beyond dimatic ones house the following A.
salmanticae communities: Agrostis pouretii, Briza minor, Aira caryophillea, Jun-
cus caprtatus, Chrysantenum myconis and Echium plantagineum. Pre-lsoetion
communities can be noted since they are usually found where the surface layer is
flooded at least six months a year, which results in greater fiekJ capacity (>30%) and
available water (>25%). The most common species in these media are Isoetes hystrix,
Juncus tenageia, Lotus hispidus, Anthoxantum anstatum. Most of the soils, developed
mainly on granite, have loamy sand textures, acid pH and are poor in nutrients (Table
3).
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Factoría! analyses
In a previous study (Hernández, 1985), the acidity of the soils was a factor which,
together with the particle size distribution, carried the greatest amount of information on
the system gathered by Axis I of the analysis of principal components of the matrix of
the 45 abiotic factors analysed. From there we went on to study the chemistry of these
soils from the perspective of acidity and how this influenced the dynamic of the chemi-
cal elements.
However, the arrangement of these soils in the levéis defined by axis I and II and I
and III (Fig.1) reflected the variation which these suggest only with regard to
physical characterístics: axis I (washed soils as opposed to flooded soils), axis II
(soils with a strong structure as opposed to those of an elevated total porosity) and axis
III, the gradient of the organic matter.
Figure 1.- Principal components analysis of the soils. Factor scores axis I, II and III.
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Observing the arrangement of the localities by means of an analysis of conrespon-
dences established in the matrix of the 16 communities by the 65 species (showing a
frequency equal to or greater than 3 presences) (Fig. 2), one can appreciate that the
information of the total of the variance basically picks up once again the factors already
pointed out. although with some different aspects. Apparently, plants "read" the envi-
ronmental messages differently; or in other words, the reading of the information of the
abiotic variation cannot, in the strict sense, be exchanged with the information which
suggests floristic variation.
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Figure 2. Reciprocal-averaging analysis ofthe plant species. Factorscores
of subjects, axis I, II and III.
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There is no doubt that axis I, to the same extent as axis II, picks up the variation of
the principal physical characterístics of the soils that logically condition the state of the
water in the same, and therefore, the implantation of certain concrete radicular systems
that justify the presence or absence of determined species.
The significance of axis I can be expressed as the gradient of flooded environ-
ments as opposed to xeric environments. The ecologic factor that integrales máximum
soil humidity is the seasonal flooding of the superficial (ayer of the soil due to the frac-
tions of silt and fine sand, as wfth the gradient of more aerated environments as op-
posed to those less aerated. The factor which is logically responsible for the variation is
the soil structure which, in this case, integrales the action relaled to the apparent den-
sity and the organic matter, thus implying a greater or lesser porosily in Ihe superficial
layer and, Iherefore, a gradienl of oxygen ¡n Ihe same.
It is Ihe Ihird axis which shows the gradient of oligotrophy of these environments:
the lack of basic nutríents, but not of nttrogen, in contrast wtth soils richer in cations but
lower in nitrogen. But, in order to be able to comprehend the significance of the chemi-
cal component, a meticulous analysis of the chemical characteristics of the superficial
layer similar to the one which has taken place with the physical characterístics is neo
essary.
Nematode trophic structure
The infonnation on the groups and genera of nematodes that are associated to
grassland species in the Mediterranean environment is also quite scarce. Most of the
existing studies do not treat plants found in this región.
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The nematodes are grouped according to their feeding habits, which is probably
the most common way of treating nematofauna in soil ecosystems (Yeates, 1977,
1979) and has been used ¡n studies of the topsoil in permanent/high grass ecosystems
(Porret, 1978) or shortgrass plains, Ingham et al., 1982. The results of the nematode
count in the pastures we have studied are shown ¡n Table 4.
Table 4. Genera and Trophic Groups Density per Site
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Ectoparasites, predators and saprophages are found in all the pastures, except for
site 7, which lacks ectoparasites and saprophages, and in site 4, which lacks predators.
The first group reaches a population mean of 258/100 ce soil individuáis per pasture,
the second 212 and the third, 151 individuáis per pasture. Therefore, these three
trophic groups are the most represented and contribute 36%, 30% and 21% to total
nematode density, respectively.
Of the different genera, eleven are well represented, being found in at least three
sites. The ectoparasites Helicotylenchus is present in 75% of the pastures. Paraty-
lenchus in 65%, Tylenchorhynchus s.l. in 37% and Xiphinema in 25%. The most
abundant saprophytic nematodes are the Rhabditidae and Alaimus. The former are
present in all the sites, save one, and reach a mean density of 136 individuals/100 ce
soil. We believe this is specially interesting due to their role as beneficial bacterial
vectors like Rhizobium spp. for the legumes. Genus Triphyla is fairty well repre-
sented, and is found in 44% of the pastures, particulary the most humid ones. Our ob-
servations agree wtth Yeates (1980). With regards to the genus Mononchus, we can
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say that they also appear to be associated to very humid soils since these lack struc-
ture, judging by the sites where the individuáis were found.
The nematode genus Tylenchus is induded in the mycophagous trophic group. It
cx)uld have been considered an ectoparasite, but since it príncipally feeds on fungí, we
have considered it has a different function in the community. The mean population
density is 119 individuáis and Tylenchus is found in 69% of the pastures.
Finally, we can say that nematode diversity, estimated as the number of genera, is
sufficiently varied in these pastures, as corresponds to uncultivated soils, Yeates
(1980). The mean number of categories identified have been found in completely
sandy soils.
The soil factors characterizing these acidic and humidic media are well correlated
wfth the nematode populations (Figure 3). The most noteworthy factor in these soils is
organic matter contení. Higher levéis of N are found in soils wrth a higher population of
Saprophages.
The organism abundance related positively with the number of perennials in the
pastures, and logically, with root density, but ectoparasites populations affect the aerial
biomas of legume species (Hernández et al, 1990). All these results lead us to think
that grassland nematodes can play an important role in the dynamic of these agroeco-
systems.
Figure 3.- Principal components analysis of the trophic groups nematodes.
Factor scores axis I, II and III. (Lv= root density; P= subterránea plant biomass;
ver Hernández et al., 1990).
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CONCLUSIONS
Agro-silvo-pastoral systems in Medrterranean environments of Spain are among
those with the highest degree of desertization, because they have been in inadequate
use. The study of the role of the biotic component in the recycling mechanism of nutri-
ente is proposed in onder to assay a new altemative for the development of these sys-
tems through rules bringing no more degradation, and in orderto prevent H in the future
management of these systems. Nutrient recycling is probably the central nucleus in
which conservation could be based, taking into account the evolutional aspects of the
ecosystems.
The complexity of the recycling of nutriente conveys the knowledge of edaphic
biocenosis mainly represented by soil nematodes, as indicators of the different proc-
esses in the trophic structure of the biocenosis, interacting with soil factors, as well as
with the herbaceous communities growing on them. The hypothesis on which the
above is based is that the ecosystems function by spending easily available energy
with the aim of minimizing the restrictions which are imposed by limited nutriente and
the water in these environments. These ecosystems have flexible control mechanisms
associated with heterotrophic activities (eg, grazing and the breakdown of organic
matter) leading to the preservation of the nutrient reserves.
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